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II. Summary -- NSF ENG 7810828/8020630 
An electrochemical device was conceived to remove sulfur oxides 
from low levels in streams such as flue gas. The process, as conceived, 
operates as a concentration cell utilizing a molten salt electrolyte. 
The product would be concentrated SO 3 if operated with power input, or 
elemental sulfur if operated as a fuel cell with reducing-gas supplied. 
Since this is an entirely new concept, many areas needed exploration. 
First, the electrochemical reactions needed verification. Second, materials 
for the electrolyte, supporting matrix and electrodes needed identification. 
Calf-cell tests were necessary to determine thermodynamic and rate parameters. 
Finally, full-cell tests would verify design concepts. 
Thermodynamic analysis quickly identified the reactions: 










as desireable and expected with a sulfate electrolyte. The lowest melting, 
stable eutectic was found to be (Li, K, Na) 2 SO4 (512C). All experiments 
used this eutectic. The support matrix was first chosen as MgO due to its 
tile-forming capability. Later, LiA10
2 
replaced MgO due to its successful 
use in the molten carbonate fuel cell program.' Choice of electrode materials 
was the most difficult. Thermodynamics showed no non-noble metal to be 
stable. It was hoped some might form a stable, passive oxide form. Experi-
ments were negative. However, a ceramic material has proven very stable, 
** 
boLh chemically and physically. 	Its conductivity, at temperature, is 
equivalent to metallic materials. 
* 
U.S. Patent No. 4246081, January 1981. 
** 
X-ray diffraction and scanning-electron-microscopy were used in this 
analysis -- performed prior to and after long-term tests. 
-2- 
The half-cell studies showed that the proposed reactions occur 
as expected in free electrolyte. Futher, as expected, high concentrations 
of CO2' 
as found in flue gas, have insignificant effect. 	Full-cell tests 
with the ceramic electrodes have only just begun. They are however, very 
e=nraging.
+ 
The economics projected for a full-size device appear highly 
favorable. Installed costs would be about one-third existing technology. 
arating costs would likewise be about one-third. No reagents would be 
+ , 
required and the only output would be concentrated sulfuric acid (>100%). 
+To.mley, Dan and J. Winnick, I. and E.G. Proc. Des. Dev., 20, 435, 1981. 
